In the treatment of unstable pelvic ring fractures, external fixators have the limitation of not adequately stabilizing the injured posterior elements. This article presents a novel and simple technique of temporary external fixation of the pelvic ring, able to produce compression of both the anterior and posterior pelvic elements. A curved flexible carbon-fiber rod is used, pre-tensioned before attachment to supra-acetabular Schanz screws. Although more extensive clinical experience is required, favorable preliminary results in a series of 13 patients with unstable pelvic fracture were encouraging: the aim of closing the posterior and anterior elements of the pelvic ring was achieved in all cases treated with this technique, and 12 patients survived. Radiological results were excellent in 3 cases and good in 9 cases. No major complications, such as secondary displacement, vertical re-displacement or deep infection, were observed. Mean operative time was 25 min, compatible with emergency management.
Introduction
Anterior external fixation continues to play a fundamental role in the mechanical stabilization of pelvic ring lesions and in the control of hemorrhage. It also facilitates pain control, safe transfer of polytrauma patients and the conduct of complementary examinations [1] [2] [3] [4] [5] [6] [7] . However, the standard anterior external fixation configurations described hitherto have the disadvantage of being unable to generate posterior compression forces, and thus are not effective in stabilizing pelvic injuries involving unstable posterior elements [8, 9] .
For decades, orthopedic surgeons have tried to design anterior external fixation configurations capable of producing compression of the posterior pelvic elements [10] [11] [12] [13] [14] [15] , with good results in biomechanical studies; but they are complex and cumbersome, which seriously limits their use in emergency settings.
In a recent biomechanical study using a synthetic pelvis, Queipode-Llano et al. [16] described a new anterior external fixator technique based on Gänsslen's model [17] , modified by pretensioning a curved carbon-fiber rod. The technique is based on the elasticity of a curved carbon-fiber rod that, once pre-tensioned using a specially designed tensor, is fixed to supra-acetabular Schanz screws. In manually reduced pelvic models, releasing the tensor caused the rod to tend to return to its original form, producing compression of both anterior and posterior pelvic elements (Fig. 1) . The aim of the present report is to describe the surgical technique and initial clinical and radiological results obtained in 13 patients with the application of this modified anterior external fixator in the treatment of unstable pelvic ring injuries.
Materials and methods
In the period 2013-2015, the authors used the curved pretensioned external fixator as an emergency provisional treatment in 13 patients with unstable pelvic fracture. Eleven were males and 2 females. The average age was 44.3 years (range, 25-66 years). Pelvic lesions were classified following the AO/OTA, Young and Burgess and Isler et al. classifications [18] (Table 1 ). The injury mechanism was, in 6 cases, a fall from more than 3 m and, in 7 cases, a vehicle accident (5 traffic accidents and 2 vehicle runovers at work, 1 by a tractor and another by a forklift truck). The average Injury Severity Score (ISS) was 36.4 (range, 18-66): among associated lesions, 6 patients presented spinal fracture and only 1 presented a femur fracture. Hemodynamic status before external fixation and the initial treatment is described in • ), tense and placement of the pre-tensed curved rod using the tensor and fixation to the Schanz screws (4 • to 6
• ), removal of the provisional rod (7 • ). Releasing the tension of the rod will cause that the rod try to recover its original shape producing anterior and posterior pelvic compression (8 • ).
external fixator was applied. The majority of these patients were partially hemodynamically stabilized after ATLS (Advanced Trauma Life Support) resuscitation measures and all were admitted to the ICU after the surgical treatment.
Surgical technique
All pelvic injuries were stabilized by the authors using the following surgical technique. Under C-arm radiological control and via a mini-approach, one 5-6 × 250 mm stainless steel Schanz screw was inserted into each ilium in supra-acetabular position. In injuries with anterior hemipelvic displacement, preliminary reduction and closure of the anterior ring and temporary fixation were carried out using 2 pin-to-tube clamps and an 11 mm straight bar placed as close as possible to the skin. In mainly a horizontal outward displacement (cases 4, 5, and 7), an internal rotation force was applied via the Schanz screws to reduce the anterior ring. In one case (case 8) with medial hemipelvic displacement due to lateral compression, external rotation reduction was performed. In cases with instability and vertical displacement (cases 2, 6, 9, 10, 12 and 13), traction was applied of the ipsilateral lower extremity and along the axis of the Schanz screw to correct the posterior displacement at the same time as the closure of the anterior ring ( Fig. 1) . At this stage, the inlet radiological view is important, to avoid producing symphyseal overlap (Fig. 2) . Once the anterior part of the pelvic ring was closed, a curved carbon fiber rod, 11 mm thick with an angle of 155 • (Synthes, Oberdorf, Switzerland), was selected. Using a tensor device, specially designed by the first author, the rod was pre-tensioned to a distance of 55 mm at the central application point.
This curved rod, pre-tensioned and held by the tensor, was fixed to both Schanz screws with 2 adjustable clamps (AO tubular system clamps in 4 cases, and Hoffman III Stryker-Medical external fixator clamps in the others), so that the rod was in the same plane as the Schanz screws, as close as possible to the other fixator bar. The provisional straight rod and its respective clamps were removed and the surgeon proceeded to slacken off the tensor device. At this stage, the tensor was removed (Fig. 1) . Finally, correct sacroiliac joint reduction was checked radiologically (Fig. 2) . If any unwanted deformity or undercorrection was seen after releasing tension in the curved bar, bar tension could be further released and a new reduction maneuver applied. Finally, once the external fixator was assembled, the skin in contact with the Schanz screws was released as necessary, ensuring that no skin tension persisted. Sutures were then performed and the Schanz screws were dressed with Surgicel ® to avoid post-operative bleeding. The immediate postoperative regimen depended on the patient's status and was identical to that for other external fixators. An example of results (case 10) can be seen in Figs. 3 and 4.
Results
Mean operative time was 25.4 min (range, 20-45 min). Twelve patients had a favorable progression One patient died, having sustained a "crush syndrome" after being run over by a tractor: he died 48 h after admission, with a hemoglobin level of 8 g/dl; lactic acid level was 7 mmol/l on arrival in the emergency room and 24 mmol/l at death. In no cases was pelvic packing required; this decision was confirmed by the duty general surgeon and the anesthesiologist, as the hospital protocol required. Radiological assessment, following Majeed [19] , was specific for external fixation; results were excellent (pubic diastasis <1 cm and proximal migration of the hemipelvis <0.2 cm) in 3 patients, good (1-2.5 cm and 0.2-0.5 cm, respectively) in 9 patients; there were no fair (2.5-3.5 cm and 0.5-1 cm) or poor results (>3.5 cm and >1 cm). The aim of closing the posterior pelvic ring was achieved in all cases. As in the laboratory, a slight deformation of the Schanz screws under loading was observed [16] .
There was 1 case of superficial infection on a Schanz screw track in a femoral and pelvic external fixator. No other complications, such as secondary displacement, vertical re-displacement or deep infection, were observed. Neurological status did not change after external fixator placement. In 11 of the 12 surviving patients, definitive treatment by internal fixation (Table 2) was initiated between 2 and 34 days post-trauma. The 12th patient was transferred to his referring hospital for definitive treatment 10 days later, due to family reasons. In 5 cases, the good initial reduction was used to insert the percutaneous iliosacral screws without first removing the external fixator. Once the iliosacral screws had been inserted, the external fixator was removed to allow anterior pelvic osteosynthesis.
Discussion
Anterior pelvic external fixation has the disadvantage of not being able to produce compression of the posterior pelvic ring elements. To solve this problem, several authors proposed technical modifications of anterior external fixation frames. Slätis and Karajarju [10, 11] described a trapezoidal anterior pelvic external fixator with a threaded device for applying compression. They observed good biomechanical and clinical results in 22 patients [11] , with radiological evidence of posterior compression and (a) with supra-acetabular Schanz screws placed, if is necessary with applying manual traction to the limb, and internal rotation to the dislocated hemipelvis the closure of the anterior pelvic ring is performed; (b) Inlet C-arm view of the pubis symphysis opened; (c) temporary fixation of the reduction with a straight rod; (d) inlet view with correct reduction; (e) the curved rod is tensed to a distance of 55 mm; (f) with the tensor holding the tensed curved rod, this rod is fixed to the Schanz screws above the provisional straight rod and, (g) once fixed, the straight rod is removed, then the tension of the curved bar is released and removing the tensor; (h) The tensor has been removed. minimal loss of reduction. Egbers et al. [12] developed another complex anterior pelvic external fixation device, but only reported biomechanical results on synthetic models, and no clinical experience. Gardner et al. [13, 14] described another external fixation technique, using a femoral distractor fixed to supra-acetabular pins to produce compression at the sacroiliac joints. Sellei et al. [15] , in a recent biomechanical study, described a modified anterior external fixator with an "X" bar configuration, able to produce posterior compression in synthetic pelvic models; clinical results have not yet been reported.
With this surgical technique, closure of the posterior elements was obtained in all cases without opening anterior elements: i.e., preliminary results are encouraging. Compression is maintained by the elastic tension of the Schanz screws. Although mean compression across the sacroiliac in the previous biomechanical study [16] varied from 28.7 to 85.6 N, that was much less than the compression force exerted by the C-Clamp (206 N) [13] ; no complications, such as secondary or vertical re-displacement, were observed, as stability is better with external fixation than the CClamp. Anterior reduction in the present study depended more on fracture comminution; in 3 cases (cases 2, 9 and 13), there was a certain deviation of the hemipelvis toward the central line, with slight internal rotation and anterior reduction defect, due to compression of a comminuted sacral fracture and pubic rami fractures. This medialization was not observed in the case (case 12) involving sacral comminution with diastasis of the pubic symphysis due to previous reduction of the symphysis contact.
Apart from its posterior and anterior compression properties, the present external fixator showed other advantages: it is radiotransparent, as highlighted by Gänsslen [2] ; it is simple and versatile, with rapid application (mean, 25.4 min), and a wide range of indications for type B and C injuries and for both uni-and bilateral lesions. The only contraindication is displaced pelvic fracture through the innominate line of the pelvis, close to the sacroiliac joint.
In all the present cases, application of the pretensioned external fixator was provisional. Before it can be considered as a definitive treatment, further clinical and biomechanical studies, assessing the axial load resistance of the construct, are needed for more comprehensive assessment of outcome parameters and to determine the conditions for weight-bearing.
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